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Effect of particle breakage on cyclic densification of ballast: a DEM approach 
Abstract 
In this paper, an attempt has been made to investigate the effect of particle breakage on densification 
behaviour of ballast under cyclic loading using Discrete Element Method (DEM). Numerical simulations 
using PFC2D have been carried out on an assembly of angular particles with and without incorporation of 
particle breakage. Two-dimensional projection of angular ballast particles were simulated using clusters 
of bonded circular particles. Degradation of the bonds within a cluster was considered to represent 
particle breakage. Clump logic was used to make the cluster of particles unbreakable. DEM simulation 
results highlight that the particle breakage has a profound influence on the cyclic densification behaviour 
of ballast. The deformation behaviour exhibited by the assembly with breakage is in good agreement with 
the laboratory experiments. In addition, the evolution of particle displacement vectors clearly explains the 
breakage mechanism and associated deformations during cyclic loading. 
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